Introduction
============

Given an increase in life expectancy, the elderly population has grown dramatically worldwide in recent decades. This increase must be associated with the development of new strategies and clinical research. An increasing number of studies have focused on public health issues related to aging, showing an increase in the number of elderly people in society and the search for an improved quality of life of these individuals^[@r01],[@r02]^.

Human aging is accompanied by structural and neurophysiological changes in the central nervous system and varying degrees of cognitive decline^[@r03]^. Studies suggest that the elderly exhibit a decrease in learning, memory, attention, executive functions and sensorimotor performance, even when not afflicted with diseases^[@r04]-[@r06]^. The most widely studied cognitive function in the aging process is memory^[@r07]-[@r10]^. Several processes need to occur for memory formation, including the acquisition, consolidation, retention and retrieval of information^[@r11]^.

Motor memory is a procedural memory, and the learning of a motor skill represents the acquisition and consolidation of a sequence of complex movements, such as those involved in learning to weave or ride a bicycle. In addition, learning new motor skills is a fundamental adaptation mechanism in humans and animals^[@r12]^. The elderly become slower at learning new motor skills than young adults because they differ from young individuals in terms of cognitive processing speed, not in the ability to learn new motor skills^[@r13]^. In motor skill acquisition, demonstration of the movement and verbal instructions, as well as physical and mental practice, seem to act together and in a complementary manner to facilitate learning^[@r14],[@r15]^.

Demonstration is useful in learning a skill because it reduces uncertainty about how the motor activity should be performed^[@r16]^. Moreover, demonstration is an important source of information in the learning process, and it consists of providing a representative image of the task to be performed^[@r17]^. The practice can be divided into two different types, physical and mental, with the physical practice being characterized by motor execution of a given task/movement so that, after a period of practice, the task can be performed more easily. Thus, physical practice can contribute to the improvement or maintenance of the level of motor coordination and delay the effects of aging on the performance of the skill^[@r18]^. In turn, mental practice, or movement planning, is defined as a cognitive rehearsal of a physical skill in the absence of explicit physical movements^[@r19]^. Mental practice can be used to facilitate the learning and improvement of skills or sequences of skills^[@r15]^ because approximately the same neural network in the sensory-motor system is activated when an individual imagines or performs an motor action^[@r20]^.

In the elderly, the maintenance of cognitive and motor functions is one of the main challenges in maintaining quality of life. Thus, for multiple strategies for the treatment/training of motor functions to be effective, there is a need for good cognitive function. The elderly should be able to understand the purpose of the proposed activities, as well as the instructions received. Thus, understanding the learning abilities of the elderly allows the determination of the best intervention method for motor tasks^[@r21]^. There is still controversy regarding the decline of the learning ability throughout aging, as well as the impact of interventions during this process. Therefore, the present study aimed to investigate the influence of mental practice and movement observation on motor memory, as well as the relationship between cognitive function and motor performance in the execution of a sequence of digital movements in the elderly.

Method
======

Participants
------------

Young adults and elderly individuals were selected to participate in the study. The elderly individuals were recruited from a social group, and they were autonomous, socially active and involved in physical, social and cognitive activities at least three times per week. These activities included walking, stretching, outdoor gym exercises, Tai Chi Chuan, memory games, chess, card games and group reading. Young adults ranged from 18 to 30 years of age. Self-classified as healthy and active regarding the practice of daily activities. Neither group included subjects who practiced physical exercise regularly. To be included in the study, the participants could not have orthopedic diseases or injuries of the upper limbs or, in the case of the elderly, cognitive impairment consistent with dementia.

The study group consisted of 45 young adults and 45 elderly individuals of both genders. The educational level was considered for the final analysis of the results related to the evaluation of cognitive function using the Mini-Mental State Examination (MMSE)^[@r22]^. The characteristics of the participants are shown in [Table 1](#t01){ref-type="table"}. All procedures developed in this study were approved by the Research Ethics Committee of the Universidade Federal do Pampa (UNIPAMPA), Uruguaiana, RS, Brazil, under protocol nº 101.557, from 2012. Each participant was informed of the objectives and procedures of the study and signed an informed consent form.

###### 

Age, gender and education levels of the subjects.

  Characteristic                                     Young n=45      Elderly n=45
  -------------------------------------------------- --------------- ---------------
  Age in years (mean and standard deviation)         22.28 (±2.97)   73.04 (±6.82)
  Gender (M/F)                                       14/31           9/36
  Education (illiterate/literate)                    0/45            1/44
  Education in years (mean and standard deviation)   13.22 (±1.24)   7.32 (±4.75)

Procedures
==========

The study procedures involved the application of the following instruments, in order of presentation:

-   *Socio-demographic form:* This form was used to collect data for defining the participants profile, including gender, age, marital status, education level and the presence of chronic diseases;

-   *Mini-Mental State Examination (MMSE):* This test was used to determine the general cognitive function and to identify any undiagnosed cognitive deficit. The MMSE is divided into five sections (orientation, immediate memory, attention and calculation, recall and language^[@r22]^) and provides evidence for presence of dementia. The participants who obtained scores below the minimum value for their level of education, according to the classification proposed by Brucki et al.^[@r23]^, were excluded from the analysis of the results;

-   *Edinburgh Handedness Inventory (EHI):* This tool was used to determine the handedness of subjects^[@r24]^, which served as a parameter to select the hand to be used in the subsequent task;

-   *Motor task - execution of a sequence of digital movements:* The participants were subjected to training, which was followed by an interval and subsequent testing of a sequence of five digital movements with the non-dominant hand (adapted from Ungerleider et al.^[@r25]^). The sequence involved the movement of the following fingers: 4, 1, 3, 2, 4, according to the numbering shown in [Figure 1](#f01){ref-type="fig"}. The thumb was not used to perform the sequence.

![Identification of the fingers used to perform the sequence of movements in the digital motor task.](rbfis-18-02-0201-g01){#f01}

This task involved a training phase in which the participants practiced the sequence of movements ten times with the non-dominant hand (left/right). This phase was followed by an interval phase of approximately 2 minutes, during which, depending on the subgroup, the subjects did not perform any task-related activity (control subgroup), observed the execution of the sequence of movements by one of the trained researchers (observation subgroup) or mentally practiced the movements learned during the training phase (movement planning subgroup). Finally, there was a test phase in which the subjects repeated the sequence of movements ten times, as fast and as accurately as possible^[@r25],[@r26]^. The execution of the motor task was videotaped for later analysis. The time required for the execution of the movements during the training and testing phases as well as the number of execution errors were recorded.

Statistical analysis
--------------------

To assess the normality of the data, the Shapiro-Wilk test was used. To compare the performances of each of the six subgroups during the training and test phases of the motor task, the Wilcoxon test for dependent samples (variable execution time) and Student\'s *t*-test for dependent samples (variable number of errors) were used. The Kruskall-Wallis test followed by Dunn\'s post hoc test(variable execution time) and one-way ANOVA followed by a Bonferroni post-hoc test (variable number of errors) were used to compare the performances of different groups/subgroups in the motor task test. The Mann-Whitney (variable execution time, difference between training and test time and MMSE) and Student\'s *t*-test for independent samples (variable number of errors) were used to compare the performances on the motor task test and the cognitive functions between young adults and the elderly. The Spearman test (MMSE score x execution time; MMSE score x execution error) was used to verify the correlation between cognitive function and motor performance in the execution of movements. In all analyses, results were considered significant when *P*\<0.05.

Results
=======

The overall mean MMSE score in the young adult group was 28.26±2.64, while that in the elderly group was 25.64±3.08, resulting in a significant difference in the cognitive function of individuals of different ages (*P*\<0.0001 by the Mann-Whitney test). There were no differences between the scores of the subgroups of each age group.

When comparing the times required to perform the motor task during training and testing, young adults showed improvement in the execution time in all subgroups evaluated ([Figure 2A](#f02){ref-type="fig"}, *P*\<0.001). For the elderly, there was improvement in all subgroups; however, the subgroup that conducted movement planning showed a more significant difference between the execution times in the training and test phases *(P*\<0.01) than the other elderly groups ([Figure 2B](#f02){ref-type="fig"}; *P*\<0.05), with this group showing a significantly greater reduction in the execution time of the task than all the other groups ([Figure 3A](#f03){ref-type="fig"}, difference in training and test times, P\<0.05). No significant differences were observed in the numbers of errors when comparing the training and test phases ([Figure 2C](#f02){ref-type="fig"} and [2D](#f02){ref-type="fig"}) between subgroups.

![Comparison between time (figures A and B, median ± interquartile range, Wilcoxon test) and the number of runtime errors (figures C and D, mean ± standard deviation, Student\'s t test for dependent samples) in the motor task when performed by young adults (figures A and C) and the elderly (Figures B and D) during training and testing (n=15/group, \* P\<0.05, \*\* P\<0.01, \*\*\* P\<0.001 compared to training the same subgroup).](rbfis-18-02-0201-g02){#f02}

![Comparison of the performances of young adults and the elderly on the motor task test showing the difference in the time required for the execution of the motor task in testing and training (figure A; median ± standard error of the Mann-Whitney test; \# P\<0.05, \# \# P\<0.01 compared with the same young subgroup, \* P \< 0.05 compared to the control elderly subgroup); execution time (Figure B, median ± interquartile range test; Mann-Whitney test, \*\* P\<0.01 compared to the youth of the same subgroup; \*\*\* P\<0.001 compared to the same young subgroup) and the number of errors (Figure C, mean ± standard deviation, t-test of independent samples) (n=15/group).](rbfis-18-02-0201-g03){#f03}

We observed no differences in the execution times ([Figures 2A](#f02){ref-type="fig"} and [2B](#f02){ref-type="fig"}, test) or the numbers of execution errors ([Figures 2C](#f02){ref-type="fig"} and [2D](#f02){ref-type="fig"}, test) among the different subgroups of each age group.

When comparing the performances of the subgroups (control, observation and movement planning - young adults x elderly), a difference in the variation of the time required for task execution between the training and test phases was observed ([Figure 3A](#f03){ref-type="fig"}). In the observation *(P*\<0.05) and planning *(P*\<0.01) groups, the execution time decreased significantly more for the elderly than for the young adults. There was also a difference between the age groups in the execution time of the motor task ([Figure 3B](#f03){ref-type="fig"}; *P*\<0.01 for the control and observation groups, *P*\<0.01 for the planning group) but not in the number of errors ([Figure 3C](#f03){ref-type="fig"}).

Among the elderly, there was a negative correlation between the MMSE score (cognitive performance) and the number of errors in the motor task execution during the test phase ([Figure 4A](#f04){ref-type="fig"}; ρ*= -*0.470; *P=*0.001) as well as between the MMSE score and the execution time ([Figure 4C](#f04){ref-type="fig"}; ρ*=* -0.354; *P=*0.016). In the young adults, the MMSE results did not correlate with the number of errors ([Figure 4B](#f04){ref-type="fig"}, ρ*=* -0.106; P=0.485) or execution time ([Figure 4D](#f04){ref-type="fig"}; ρ*=* -0.015; *P=*0.917).

![Correlation between cognitive function and motor performance in the execution of movements by elderly subjects (A, C) and young adults (B, D).](rbfis-18-02-0201-g04){#f04}

Discussion
==========

The present study assessed the influence of mental practice and movement observation on the motor learning and memory in young adults and elderly, as well as the relationship between cognitive function and motor performance in the execution of a sequence of digital movements.

Our results demonstrate that cognitive performance, as assessed by the MMSE and following the cutoff points proposed by Brucki et al.^[@r23]^, although different when comparing the groups, is within the expected values for both the young adults and the elderly. Thus, the sample exhibits a good overall cognitive level even among the elderly, in spite of aging commonly being associated with a reduction in cognitive functions related to information processing. The processes of executive function, attention and memory are especially affected with age, as well as learning aspects, the process of selection and the programming of motor response^[@r27]-[@r29]^. Most likely, the fact that these functions are preserved is related to the practice of physical, social and cognitive activities by the elderly.

When analyzing the performance during training and testing, especially in relation to the execution time of the motor task, a difference between the two phases was observed. With repetition during training, a shorter time was required for the task in all groups. During training, it is essential to make the observer realize the important aspects of the action to form a reference for later reproducing the movements accurately. In the review by Tani et al.^[@r17]^, the authors reported that one way to ensure learning is through demonstrating a task multiple times, which favors an increase in the selectivity of information for movement production and error correction.

The amount of time required to perform the motor task was greater for the elderly than for the young adults, both during the training and test phases. This result may be related to the fact that aging involves a variety of factors that result in functional loss, such as decreased cerebral blood flow, gray matter and brain volume^[@r30]^. It also involves a longer reaction time and slower movement^[@r31]^. All these non-pathological changes can affect the cognitive and motor performance of the elderly because executive functions play an important role in learning ability and motor performance^[@r32]^. This result corroborates the study of Toledo and Barela^[@r33]^, who observed differences in sensory and motor performance between young and elderly individuals in learning/performing a new task, with the elderly showing poorer performance.

Diniz et al.^[@r34]^ studied children, adults and elderly individuals during the learning of a serial task, which consisted of touching sensors with the index finger of the dominant hand, six times in response to light stimuli. The authors observed that adults had better responses than children and elderly, and only adults were able to learn the full sequence of the serial pattern. The elderly group showed better performance than the children at the beginning of the practice, which could be explained by the motor experience acquired throughout their lifetimes; however, they were not able to successfully adapt. Thus, corroborating our findings, the authors observed that the elderly maintain their ability to learn but in a slower manner, i.e., the performance of the elderly decreases compared with young individuals due to aging. Diniz et al.^[@r34]^ also concluded that the more complex the task, the more difficult it is to perform.

The elderly seem to rely more on movement planning than on observation for the acquisition of a motor memory. Elderly individuals who performed motion planning (mental practice) during the training-test interval exhibited a significantly greater decrease in the time required to perform the task when compared with the other elderly groups (control and observation). Our findings support the notion of Tani et al.^[@r17]^ that when teaching a new task to older individuals, techniques different from those that are effective in young individuals can be effective for participants with a preserved cognitive and motor state. Taken together, our results suggest that for the elderly, the mental practice of a movement before its execution may favor performance.

Gomes et al.^[@r35]^ studied the effects of mental practice on the acquisition of motor skills in young individuals and observed a better performance in the groups performing physical practice combined with mental practice. That is, in this case, mental practice depends on physical practice to be effective during the learning of a motor skill. In our study, this association was not assessed; however, contrary to what was observed for the elderly, mental practice alone did not modify the learning ability of young subjects. Saimpont et al.^[@r36]^ emphasized that mental practice, in addition to being used to optimize motor function in sports and rehabilitation settings, can also benefit healthy elderly individuals facing age-related impairments in motor function. The use of mental practice is a safe and easy way to help preserve/improve motor function in the elderly.

Movement observation did not have the same effect as mental practice on the learning of motor skills by the elderly. The main reason for this difference may be the fact that mental planning involves more attention to the task than observation and recruits neural pathways similar to those needed for the movement itself^[@r20]^. These results are extremely important when considering the choice of physical therapy techniques for intervention in elderly individuals. Mental stimulation has been shown to be an important tool when the goal is to promote learning or perfect a skill^[@r37]^, and thus, it can optimize the recovery process of elderly patients.

Results from other studies have also indicated the need to consider the differences in the motor learning of young individuals and elderly. Boyd et al.^[@r38]^ sought to identify motor, spatial and temporal characteristics that could affect the motor learning process and to determine whether age directly interferes with motor learning. Their results suggest that a decline in motor learning occurs due to old age, which should be considered in motor rehabilitation of the elderly. Teixeira^[@r39]^ compared the performances of different age groups, from young adults to the elderly, on motor tasks requiring distinct sensorimotor functions and concluded that there was no single pattern of performance decline. Moreover, the author found that the performance profile for each motor task seems to have particular characteristics throughout the aging process, with a moderate increase in reaction time from 20 to 60 years old and poorer performance in tasks that require speed from 20 to 40 years old. The author also emphasizes that elderly individuals showed improved performance on tasks practiced regularly, while young individuals usually have an advantage in non-routine tasks.

The present study showed that for elderly individuals, there is a relationship between cognitive function and motor performance in the execution of a sequence of digital movements. Despite the preservation of cognitive function in the subjects, ensuring the absence of dementia, the better the cognitive function, the better the motor learning. In young adults, the impact of cognition on motor learning was not significant because these individuals did not show any age-related cognitive deficits, with scores close to the maximum value in the evaluation of this function.

It is important to consider that diseases associated with aging are present in much of the elderly population and that these diseases may exacerbate the sensory and motor deterioration resulting from the natural aging process. Dementias are examples of these diseases, and they are characterized by a decline in cognitive function that leads to a significant impairment in performing daily activities. Dementias affect approximately 5% of the population more than 65 years old, and this frequency can reach 20% to 25% of the population more than 80 years old^[@r26]^. Therefore, because motor memory correlates with cognitive function, it is important that cognitive deficits are identified early in the elderly to ensure that the individuals maintain their autonomy, self-care and independence during the aging process.

Our results suggest that mental practice can positively influence motor learning and memory in the elderly, allowing better motor performance in individuals of this age group. A correlation between cognitive function and motor performance of the elderly was also observed.

The results in the present study may contribute to clinical practice in treating the elderly, allowing the identification of strategies that can facilitate motor learning and rehabilitation in this population. Given that aging leads to changes that may contribute to psychomotor limitations and reduced autonomy and skills, it is important that healthcare professionals, including physical therapists, study and assess, in the context of clinical practice, not only musculoskeletal capacity but also the cognitive functions of the elderly. When working with healthy elderly individuals or elderly with different levels of deficits, either cognitive or motor, these considerations should be taken into account when planning the rehabilitation program. Every activity must be learned with slow and controlled movements and easy to understand instructions, and healthcare professionals must respect the time needed by the elderly to learn and adjust their movement. Thus, the intervention will enable the most effective treatment for the patient.
